Abstract
Introduction
Viral hepatitis places a heavy burden on health care systems because of the high costs of treatment of liver cancer and liver cirrhosis. Approximately five hundred million people worldwide are chronically infected with viral hepatitis B (HBV) or viral hepatitis C (HCV). Identification of significant liver fibrosis in patients with HBV or HCV infection is crucial to establish the timing of antiviral treatment. [1, 2] Liver biopsy is the gold standard for determining fibrosis stage. However, it is an invasive procedure and has several limitations, including a high inter-observer variability and significant sampling errors of up to 14.5%-25%. [3, 4] Non-invasive alternatives to liver biopsy include radiological examinations and the use of biochemical scores, such as the aspartate aminotransferase-to-platelet ratio index (APRI). A number of studies in western countries have shown that among all currently used noninvasive methods magnetic resonance elastography (MRE) has the highest correlation with liver fibrosis stage in patients with chronic HCV infection. [5] [6] [7] [8] [9] [10] However, in Asia HBV rather than HCV infection is the leading cause of chronic hepatitis, cirrhosis and hepatocellular carcinoma [11] . Microscopically, chronic HCV infection is characterized by the triad of lymphocyte nodular inflammation in portal tracts, the presence of steatosis and bile duct damage whereas the presence of "ground-glass" hepatocytes is the histologic hallmark of chronic hepatitis B infection. [12] [13] [14] Liver stiffness values as measured by transient elastography (TS) or acoustic radiation force impulse (ARFI) imaging can also differ between patients with HBV infection and those with infection due to HCV, making it difficult to differentiate between different stages of fibrosis in these two groups of patients. [15] [16] [17] Magnetic resonance elastography (MRE) has been shown to be a more reliable method than TS or ARFI imaging for measuring liver stiffness in patients with chronic hepatitis. Nonetheless, the effect of several clinical, biological and histopathological factors such as necroinflammatory activity, liver steatosis and biochemical profiles on liver stiffness measurements have not been comprehensively considered when evaluating the diagnostic accuracy of MRE. The most common finding in patients with chronic HBV and HCV infection is steatosis. Some studies have shown that the accuracy of liver stiffness measurement obtained by ultrasound elastography is influenced by the presence of liver steatosis. [18] [19] [20] Therefore, understanding whether the presence of steatosis affects the accuracy of MRE in measuring liver stiffness and hence determining the stage of fibrosis of the liver is of particular importance.
The purpose of this study was to compare the accuracy of MRE with that of APRI for estimating the stage of hepatic fibrosis in patients with chronic HBV or HCV infection. The results of histopathologic analysis were used as the reference standard and the optimal cutoff values of liver stiffness for different stages of liver fibrosis were defined. We also investigated whether the presence of hepatic steatosis affected the accuracy of MRE measurements.
Materials and Methods Patients
This retrospective study was approved by the institutional review board of Changhua Christian Hospital. The need for written informed consent was waived by the committee. All patients with chronic viral hepatitis (HBV or HCV) infection who underwent histopathological examination during the period January 2011 to July 2013 and who underwent MRE within 3 months of the histopathological examination were eligible for enrolment in this study. (Fig 1) HBV was defined in patients who tested positive for hepatitis B surface antigen and HCV was defined in patients who tested positive for both anti-HCV and HCV-RNA. Exclusion criteria included evidence of alcoholic liver disease and co-infection with hepatitis B and hepatitis C. Age, gender, height, weight, body mass index (BMI), serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin and platelet counts were recorded, and APRI scores were calculated at the time of histopathological examination. A total of 160 patients with viral hepatitis (121 men and 39 women; mean age, 59.1 years; age range 26-80 years) fulfilled the eligibility requirements and were enrolled in the study (Fig  1) . Of the 160 patients, 106 had chronic HBV infection and 54 had chronic HCV infection. We also enrolled 25 living liver donors (13 men and 12 women; mean age, 29 years; 21-45 years) to serve as the control group.
MRI
All examinations were performed on a 1.5T MR system (Avanto, Siemens, Erlangen, Germany) for acquisition of routine clinical MR and MRE images. A 16-channel phased-array body coil was used for signal reception.
MRE was performed using an acoustic driver system (Rochester, MN, USA). During the acquisition, a 19-cm-diameter, 1.5-cm-thick cylindrical passive driver was placed against the right chest wall over the liver. Continuous acoustic vibration at 60 Hz transmitted from an active driver was used to produce propagating shear waves in the liver. The propagating shear waves were imaged with axial 2D gradient-echo sequencing. The parameters of the MRE sequence were as follows: TR/TE, 50/22.7; flip angle, 25°; bandwidth, 260 Hz/pixel; imaging frequency, 63.5MHz; acquisition matrix, 256 × 64; section thickness, 7 mm; and FOV, 400 × 400 mm 2 . The scanning time of each axial slice was 21 seconds per breath-hold. A total of five axial slices were acquired. All post-processing steps were applied automatically and displayed liver stiffness in kilopascals. A confidence map providing regions with adequate wave amplitude was generated automatically by the MRE software.
MRE Analyses
All analyses were performed on a dual-screen diagnostic workstation (GE Healthcare, Milwaukee, WI, USA). One attending abdominal radiologist, who specializes in liver MRI, performed the quantitative analyses of MRE images. The radiologist was blinded to the patients' clinical data and histopathological results. For the measurement of liver stiffness, the wave images were first checked for adequate wave quality. On each axial image of the confidence map, the ROI (region of interest) was manually drawn to include only the parenchyma of the liver (Fig 2) The areas on the confidence map that were determined to be invalid were excluded. The mean stiffness value (in kilopascal) for each elastographic image (five slices per patient) was recorded. Care was also taken to avoid artifacts such as wave interference, the edges of the liver, large blood vessels and hepatic tumors. The mean stiffness value (in kilopascals) for each elastographic image (five slices per patient) was recorded. The overall mean stiffness value of the liver parenchyma was calculated by averaging the mean stiffness values on the 5 slices in each patient.
APRI Analysis
The upper limits of normal (ULN) aspartate aminotransferase (AST, in international units per liter) are 38 U/L for men and 32 U/L for women. The APRI was determined as follows: [(AST/ ULN)/platelet count (10 9 /L)] x 100. [21] Histopathological Analysis
The diagnosis of hepatic fibrosis was based on the results of histopathological analysis of percutaneous liver biopsy specimens (n = 74), surgical resection specimens (n = 81), liver tissue samples from living donors (n = 25) or samples from transplanted liver (n = 5). Tissue samples were fixed in buffered formalin and embedded in paraffin. Samples were subjected to standard techniques for Hematoxylin and eosin (H&E) and Masson trichrome staining and slides were reviewed by an experienced attending pathologist who was blinded to the patients' clinical information and MR imaging results. All liver samples were considered adequate based on specimen size (10mm) and number of portal tracts (5). Liver fibrosis was staged according to the METAVIR scoring system, which ranges from F0 to F4 (F0 = no fibrosis; F1 = portal fibrosis without septa; F2 = portal fibrosis with a few septa; F3 = numerous septa without cirrhosis; F4 = cirrhosis). A METAVIR fibrosis stage of F2 or higher was considered to represent significant fibrosis. [22] Necroinflammatory activity was graded as follows: A0, none; A1, mild activity; A2, moderate activity; and A3, severe activity. Liver steatosis was graded based on the percentage of hepatocytes with macrovesicular fat: grade 0 (none or less than 5%); grade 1 (mild steatosis, 6% to 33%); grade 2 (moderate steatosis, 34% to 66%); and grade 3 (severe steatosis, greater than 66%). 
Statistical Analysis
Data are expressed as mean ± standard deviation, 95% confidence interval (CI) or number (n), as appropriate. Box plots were used to compare liver stiffness values measured on MRE images and APRI values with METAVIR scores. The relationships between MRE and fibrosis stage and APRI and fibrosis stage were assessed using Spearman's correlation coefficient. Sensitivity, specificity, positive and negative predictive values and positive and negative likelihood ratios of MRE and APRI for estimating fibrosis stage were evaluated by calculating the areas under the receiver operating characteristic (ROC) curves (Az). The optimal cutoff values were chosen by maximizing the Youden index on the estimated curves (sensitivity + specificity-1). Concordance was defined as the rate of patients who were classified correctly (true positive and true negative). Az values of MRE and APRI were also compared using MedCalc software (version 13. 
Results

Baseline characteristics of patients
The clinical and biochemical characteristics of the patients in this study are summarized in Table 1 . The distribution of fibrosis stage among the 185 patients is as follows: F0, n = 25 (13.5%); F1, n = 18 (9.7%); F2, n = 39 (21.1%); F3, n = 39 (21.1%); and F4, n = 64 (34.6%).
Liver steatosis was present in 89 patients (48.1%).
Correlation between Magnetic Resonance Elastography, APRI and fibrosis stage
Liver stiffness values in the study population ranged from 1.34 kPa to 10.26 kPa (mean, 3.9 ±1.68kPa; 95% CI, 0.61-7.19kPa) and increased with increasing liver fibrosis stage (Fig 3a) . There was excellent correlation between MRE liver stiffness values and liver fibrosis stage (Spearman's rank correlation coefficient, ρ, = 0.850, p<0.001). MRE-measured liver stiffness values differed significantly between all stages of liver fibrosis (p<0.001).
The APRI scores ranged from 0.07 to 16.55 (mean, 1.47±1.95; 95% CI, 0-3.34) and increased with increasing liver fibrosis stage. (Fig 3b) A substantial positive correlation between APRI score and stage of fibrosis was also observed. (ρ = 0.42, p<0.001). APRI scores differed significantly between all stages of fibrosis with the exception of F2 and F3 (p = 0.274).
Diagnostic accuracy of MRE and APRI for estimating fibrosis stage in patients with HBV and HCV
The diagnostic accuracy of both modalities in estimating each fibrosis stage in patients with HBV and HCV is summarized in Table 2 . MRE had a significantly greater area under the ROC curve than APRI score for discriminating among METAVIR stages F2-F4. Using a cutoff value of 2.80 kPa, MRE had a sensitivity of 94.4%, a specificity of 97.8%, a PPV of 98.5% and a concordance rate of 96.8% for detecting significant fibrosis (F2). In contrast, with a cut off value of 0.985, APRI had a sensitivity of 62.5%, a specificity of 85.7%, a PPV of 93.8%, a concordance rate of 69.2% and an Az of 0.774±0.052. With a cut off value of 4.09 kPa, MRE had a sensitivity of 90.9%, a specificity of 96.3%, a PPV of 51.2%, a concordance rate of 67.0% and an Az of 0.962±0.011 in predicting liver cirrhosis (F4).
Mean liver stiffness values for patients with a METAVIR score of F1 were 2.47±0.24 kPa for patients with HBV and 2.72±0.234 kPa for patients with HCV (p = 0.169). For patients with a score of F2, the mean stiffness values were 3.25±0.61 kPa for patients with HBV and 3.43±0.58 kPa for patients with HCV (p = 0.182). For patients with a METAVIR score of F3, the mean stiffness values were 3.92±0.70 kPa for HBV patients and 3.97±0.54 kPa for HCV patients (p = 0.89). And for patients with a score of F4, the mean values were 4.21±1.52 kPa for patients with HBV and 4.54±1.75 for patients with HCV (p = 0.53). There were no significant differences in liver stiffness for each METAVIR stage between patients with hepatitis B and those with hepatitis C.
The diagnostic performance of MRE in patients with HBV was similar to that in patients with HCV. There were no significant differences in Az for the diagnosis of each METAVIR fibrosis stage between patients with HBV and those with HCV. The optimal cutoff values to classify each METAVIR fibrosis stage were similar between patients with HBV and those with HCV with the exception of F4, for which the optimal cutoff value was 4.16 kPa for patients with HBV and 3.83 kPa for patients with HCV. 
Effects of clinical, biological and histopathological characteristics on liver stiffness
Univariate and subsequent multivariate analyses of clinical, biological, and histopathological characteristics of patients were performed to identify independent variables associated with liver stiffness as measured by MRE. The results are shown in Table 4 . Liver fibrosis (p<0.0001), necroinflammatory activity (p<0.0001), ALT (p = 0.04) and platelet count (p = 0.03) were found to be important independent confounding factors of liver stiffness measurements using MRE.
Comparisons of liver stiffness between patients with and without liver steatosis
Liver stiffness values increased with increasing fibrosis stage in patients with and in those without liver steatosis (Table 5 ). In the subgroup of patients with METAVIR stage F0-F1, MREmeasured liver stiffness values were marginally higher in patients with liver steatosis than in patients without liver steatosis (p = 0.048). However, in the subgroups of patients with F2-F3 and F4, there were no significant differences in liver stiffness values between patients with and those without liver steatosis (p = 0.641 and 0.079). Using ROC curve analysis, we found that the optimal cut off value for discriminating significant fibrosis (F2) in patients with steatosis was 2.83 kPa. kPa, kilopascal; Sn, sensitivity; Sp, specificity; PPV, positive predictive value; NPV, negative predictive value; LR (+), positive likelihood ratio; LR (-), negative likelihood ratio.
Concordance represents the rate of patients who were classified correctly (true positive + true negative). *Sn, 100% sensitivity; Sn+Sp, a maximum sum of sensitivity and specificity; Sp, 100% specificity.
doi:10.1371/journal.pone.0140068.t003
Discussion
In this study, we evaluated and compared the diagnostic accuracy of MRE and APRI in estimating liver fibrosis in patients with chronic HBV or HCV infection. We found that both MRE and APRI showed a positive correlation with histopathologically determined METAVIR fibrosis stage, but that APRI score was less accurate than MRE in estimating the degree of fibrosis. Our results are in agreement with those presented in previous studies. [7, [23] [24] [25] [26] Based on the ROC curve analysis, MRE is more accurate than APRI in differentiating significant fibrosis (F2) from normal/mild fibrosis (F0/1). Using a cutoff value of 2.80kPa, MRE had a sensitivity of 94.4% and a specificity of 97.8% for differentiating significant fibrosis from normal liver/ mild fibrosis. This high rate of accuracy is important as treatment with antiviral medication is indicated only in patients for whom liver biopsy specimens indicate evidence of significant fibrosis, according to guidelines published by the American Association for the Study of Liver Diseases (AASLD) and the European Association for the Study of the Liver (EASL). [22] Longterm antiviral therapy can result in a regression, but not reversal of cirrhosis in chronic hepatitis B patients. [27, 28] Therefore, regular follow-up is mandatory for patients with chronic viral hepatitis. Our results indicate that MRE is a reliable noninvasive method for long-term monitoring of hepatic fibrosis condition in these patients.
In our study, we found that liver stiffness and necroinflammatory activity were the strongest independent confounding factors associated with MRE-measured liver stiffness. Previous Prospective studies with large patient populations may be needed to further evaluate the effect of necroinflammation on measurement of liver stiffness. Some studies on the value of liver stiffness measurements obtained by transient elastography in patients with chronic hepatitis due to HBV or HCV have reported conflicting results. [5, [15] [16] [17] 32] In our study, we compared liver stiffness values between patients with HBV and those with HCV infection and found that there were no significant differences in stiffness values between the two groups of patients with different METAVIR fibrosis stages. Our results are in agreement with those reported in previous studies using transient elastography (TE) and acoustic radiation force impulse (ARFI) elastography. [5, 15, 16, 32] However, in our study, the optimal cutoff values for liver cirrhosis were similar between patients with HBV and those with HCV infection with the exception of F4, for which the cutoff value was 4.16 kPa for patients with HBV and 3.83kPa for patients with HCV. Further studies comprising a larger patient population are needed to better understand this result.
The influence of liver steatosis on liver stiffness during MRE measurement was also evaluated in this study. Our results show that, among patients with a histopathologically determined fibrosis stage of F0-F1, liver stiffness values were marginally higher in patients with liver steatosis than in those without steatosis (p = 0.048). No significant differences in liver stiffness were noted between steatotic and non-steatotic patients in terms of fibrosis stages F2-F4. Interestingly, the cut off value of liver stiffness measured by MRE to discriminate significant liver fibrosis was very similar between patients with liver steatosis (2.83 kPa) and patients with chronic hepatitis (2.80 kPa). According to our results, liver steatosis has a negligible effect on the cut off value to discriminate significant liver fibrosis.
Some previous studies proposed algorithms for ultrasound elastography. [33, 34] According to our results, we proposed a clinical algorithm for the utilization of MRE (Fig 4) . We defined different optimal cutoff values of liver stiffness according to different thresholds for sensitivity and specificity. The cutoff value with 100% sensitivity was used to exclude significant liver fibrosis, while the cutoff value with 100% specificity was used to confirm the presence of significant fibrosis or cirrhosis. We found that liver stiffness values < 2.47 kPa indicate no significant liver fibrosis with 100% sensitivity and a negative predictive value for significant fibrosis, meaning these patients do not need treatment and only require observation. For patients with liver stiffness values ranging from 2.47 to 3.70 kPa, antiviral therapy should be considered, particularly if patients have elevated ALT levels or HBV DNA, and for patients with values in the 2.47-2.80 kPa range, annual reassessment or liver biopsy should be considered. For patients with liver stiffness values ranging from 3.70 to 5.50 kPa, antiviral therapy should be considered as stiffness values in that range are indicative of significant fibrosis. In patients with liver stiffness values higher than 5.50 kPa, liver cirrhosis should be diagnosed.
Our study has several limitations. This study was a retrospective study and some of the patients had received percutaneous liver biopsy (74/160). However, liver biopsy is still the "gold standard" in clinical settings. Second, the relatively small number of patients, especially in subgroups of moderate and severe liver steatosis, might limit the ability to investigate the effect of liver steatosis on liver stiffness. Further investigation with a larger number of patients is needed. Third, the fibrosis stages in our study population were not equally distributed. In our study, patients with F3 and F4 comprised more than 50% of the study population. In clinical practice, patients with viral hepatitis usually receive liver biopsy or undergo surgical intervention because of hepatic tumors or advanced liver fibrosis. This tendency might explain the high prevalence of advanced liver fibrosis in our study population.
In conclusion, MRE is an accurate, non-invasive method for estimating hepatic fibrosis stage in patients with viral hepatitis. The etiology of viral hepatitis (HBV vs. HCV) does not appear to affect MRE-measured liver stiffness. Liver steatosis might influence liver stiffness measurements in patients with normal livers or mild liver fibrosis, but has a negligible effect on the cut off value to discriminate normal/mild from significant liver fibrosis. In patients with liver stiffness values 2.8 kPa, antiviral treatment should be considered. 
